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ACOUSTIC VOWEL SPACE ANALYSIS OF AN ENGLISH 
LANGUAGE LEARNER 
 
CLAIRE BRAKEL PACKER AND KRISTEN LORINCZ 
 
ABSTRACT 
This paper is an analysis of our participant’s (Ibrahim) vowel data compared to the 
vowel data provided by Peterson and Barney (1952) for General American English (GAE). The 
participant’s vowels were recorded using a Logitech Webcam C300, and analyzed with the free 
program, Praat, and website, Norm (http://ncslaap.lib.ncsu.edu/tools/norm). The data taken 
were the first two vowel formants and duration. The purpose of such a project is in 
understanding variation, as well as intelligibility. The degree to which Ibrahim’s vowels vary 
from GAE provides insight into his idiolect as a language learner. In addition, Koffi (2012) 
explains that differences in F1 frequencies of greater than 135 Hz and F2 frequencies of 170 Hz 
result in intelligibility issues. Therefore, if the vowels are markedly different from the standards 
described in the Peterson and Barney (1952) study, it could result in unintelligibility. Another 
factor impacting intelligibility is vowel merging. This separate issue will also be analyzed. 
Finally, pedagogical implications and applications will be discussed. 
 
 
 
Words  heed  hid  hayed  head  had  hod  hawed  hoed  hood  who’d  hud  
Vowels  [i]  [ɪ]  [e]  [ɛ]  [æ]  [ɑ]  [ɔ]  [o]  [ʊ]  [u]  [ʌ]  
Table 1: Words and Vowels Analyzed 
 
 
1.0 Participant Information 
Ibrahim is a 20-year-old male from Saudi Arabia whose first language is Arabic.  No 
other language is spoken in his home, however both his mother and sister currently live in the 
United States, and speak English conversationally; he spends religious holidays and during-
semester breaks with his mother and sister. He has been in the United States in intensive English 
programs for a little over a year. He is currently admitted to an upper-Midwest university in the 
United States taking introductory courses simultaneously with ESL courses. He self-assessed 
himself as having a proficiency in English of 70%, and was assessed by the authors as an 
intermediate-level learner. Ibrahim is confident in his speaking abilities, but less so in his reading 
and writing abilities. Despite this comfort with spoken English, a social network analysis done 
by the authors showed that the four people he spends most of his time with are either speakers of 
his own language (two out of the four) or nonnative speakers of English (two out of the four: 
Spanish and French). At the time of the study, he was unaware of what specific pronunciation 
issues he had, though his self-assessment demonstrates he thinks he needs improvement 
somewhere. 
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2.0 Spectrograms and Waveforms 
 
 
Figure 1: Heed 
 
 
 
 
Figure 2: Hid 
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Figure 3: Hayed 
 
 
 
 
Figure 4: Head 
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Figure 5: Had 
 
 
 
Figure 6: Hod 
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Figure 7: Hawed 
 
 
 
Figure 8: Hoed 
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Figure 9: Hood 
 
 
 
 
Figure 10: Who’d 
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Figure 11: Hud 
 
 
Figure 12: Vowel Quadrant of Ibrahim vs. GAE Male 
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Speaker 
Vowel Context F1 F2 F3 F1Glide F2Glide F3.Glide  
Ibrahim heed heed 323.0 2228.0 1.000 323.0 2228.0 1.000 
GAE heed heed 270.0 2290.0 1.000 270.0 2290.0 1.000 
Ibrahim hid hid 432.0 1998.0 1.000 432.0 1998.0 1.000 
GAE hid hid 390.0 1990.0 1.000 390.0 1990.0 1.000 
Ibrahim hayed hayed 414.0 2181.0 1.000 414.0 2181.0 1.000 
GAE hayed hayed 476.0 2089.0 1.000 476.0 2089.0 1.000 
Ibrahim head head 526.0 1898.0 1.000 526.0 1898.0 1.000 
GAE head head 530.0 1840.0 1.000 530.0 1840.0 1.000 
Ibrahim had had 632.0 1632.0 1.000 632.0 1632.0 1.000 
GAE had had 660.0 1720.0 1.000 660.0 1720.0 1.000 
Ibrahim hod hod 572.0 1322.0 1.000 573.0 1322.0 1.000 
GAE hod hod 730.0 1090.0 1.000 730.0 1090.0 1.000 
Ibrahim hawed hawed 610.0 1141.0 1.000 610.0 1141.0 1.000 
GAE hawed hawed 570.0 840.0 1.000 570.0 840.0 1.000 
Ibrahim hoed hoed 469.0 913.0 1.000 469.0 913.0 1.000 
GAE hoed hoed 497.0 910.0 1.000 497.0 910.0 1.000 
Ibrahim hood hood 458.0 1494.0 1.000 458.0 1494.0 1.000 
GAE hood hood 440.0 1020.0 1.000 440.0 1020.0 1.000 
Ibrahim who'd who'd 396.0 984.0 1.000 396.0 984.0 1.000 
GAE who'd who'd 300.0 870.0 1.000 300.0 870.0 1.000 
Ibrahim hud hud 574.0 1252.0 1.000 574.0 1252.0 1.000 
GAE hud hud 640.0 1190.0 1.000 640.0 1190.0 1.000 
Table 2: Comparison of F1 and F2 Frequencies of Ibrahim vs. GAE Male 
 
Words heed hid hayed head had hod hawed hoed hood who’d hud 
Vowels [i] [ɪ] [e] [ɛ] [æ] [ɑ] [ɔ] [o] [ʊ] [u] [ʌ] 
 F0 136 135 NA 130 127 124 129 NA 137 141 130 
GAE F1 270 390 476 530 660 730 570 497 440 300 640 
GAE F2 2290 1990 2089 1840 1720 1090 840 910 1020 870 1190 
DUR 243 192 267 189 278 267 283 283 192 237 188 
Ibrahim F1 323 432 414 526 632 572 610 469 458 396 574 
Ibrahim F2 2228 1998 2181 1898 1632 1322 1141 913 1494 984 1252 
DUR 322 202 335 204 357 276 337 400 225 365 242 
Table 3: Comparison of F1 and F2 Frequencies and Duration of Ibrahim vs. GAE Male 
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Figure 13: F1 Frequencies of Front Vowels 
 
 
Figure 14: F2 Frequencies of Front Vowels 
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Figure 15: F1 Frequencies of Back Vowels 
 
 
Figure 16: F2 Frequencies of Back Vowels 
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3.0 Analysis and Intelligibility Issues 
Several of the vowels produced by this language learner were nearly identical to GAE 
pronunciation in regard to height and backness. The most striking similarities emerged in the 
pronunciation of the vowels [i], [ɛ], and [æ]. The F1 and F2 variance between the student’s 
pronunciation and GAE is far less than the median frequency range of 135 Hz for F1 and 170 Hz 
for F2, as set by Peterson and Barney (1952). This suggests, as Koffi (2012) asserts, that these 
vowels are not heavily accented. Thus, the vowels [i], [ɛ], and [æ] will not cause any 
intelligibility issues for this student when conversing in English. 
Though the vowels produced by the student, with the exception of [a], were pronounced 
near GAE in regard to height and backness, the vowel shifts that emerged will likely result in 
intelligibility issues due to the close proximity of several groups of vowels. This concern is 
clearly demonstrated in the student’s pronunciation of [ɪ] and [e]; the vowel [ɪ] has been lowered, 
while the vowel [e] has been raised and fronted, causing the two to merge closer together than 
GAE. When pronounced by this student, the F1 of [ɪ] and [e] varied by a mere 18 Hz, suggesting 
that these vowels could easily be misunderstood by GAE listeners, particularly when they occur 
in minimal pairs such as hid and hayed. Thus, unintelligibility may ensue. This is further 
supported by Ladefoged (1996), who claims that “human ears cannot detect frequencies below 
20 Hz” (p.21). Therefore, it is doubtful that GAE listeners would be able to detect the difference 
between this student’s pronunciation of [ɪ] and [e]. 
In addition, this student’s pronunciation of [u] and [o] are also merging closer together, 
which may result in further intelligibility issues; [u] has been lowered and centralized, while [o] 
has been slightly raised. Thus, [u] and [o] are not only moving closer together, they are also 
shifting toward the GAE pronunciation of [ʊ]. Due to their close proximity, a GAE listener may 
have difficulty distinguishing between the vowels [u], [o], and [ʊ] when they emerge in a 
conversation with this student, particularly if they occur in minimal pairs such as who’d, hoed, 
and hood. 
The most apparent variance from GAE, and thus, the most significant cause of 
unintelligibility, was the student’s pronunciation of [ɑ]. The frequency range between his 
pronunciation and GAE was 158 Hz for the F1 and 232 for the F2, which is well above the 
median frequency range, suggesting that these vowels are heavily accented, and may lead to 
unintelligibility (Peterson & Barney, 1952). Moreover, his pronunciation of [ɑ] is nearly 
identical to his pronunciation of [ʌ]. The F1 for [ɑ] and [ʌ] varied by a mere 2 Hz, and likewise, 
the F2 varied by only 70 Hz. This frequency range is so minimal that it would likely not be 
detected by human ears (Ladefoged, 1996). Thus, a GAE listener would likely have difficulties 
distinguishing between his pronunciation of [ɑ] and [ʌ]. Furthermore, [ɔ] has been lowered and 
more centralized, shifting closer to both [ɑ] and [ʌ]. In addition, his pronunciation of [ɔ] varies 
by 301 Hz in regard to the F2, which suggests that it is heavily accented, though, as Koffi (2012) 
asserts, the F2 does not have significant bearing on intelligibility. Thus, because [ɑ], [ʌ], and [ɔ] 
are pronounced so similarly, intelligibility issues will inevitability arise when he produces words 
containing these vowels.   
Lastly, intelligibility issues may also arise due to the student’s pronunciation of [ʊ]. 
Though the F1 frequency range between his pronunciation and GAE is only 18 Hz, the F2 varies 
by 474 Hz, well beyond the median F2 frequency range of 170 Hz (Peterson & Barney, 1952).  
Essentially, [ɔ] has been significantly centralized in relation to GAE. Though the F1 is the most 
significant factor contributing to intelligibility and accentedness, it is possible that this may still 
result in some intelligibility issues (Koffi, 2012). 
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Although it is beyond the scope of this study to analyze consonant intelligibility, it is 
possible that some vowel intelligibility issues may result from the word-final stops in the words 
under investigation, due to some significant differences in Arabic and English articulation of 
word-final stops. Flege and Port (1981) analyzed Saudi Arabian Arabic speakers’ stop 
articulations both in Arabic (L1) and English (L2), and compared the results with a group of 
English L1 speakers. Unlike in native English speech, they found no difference in duration for 
English vowels preceding voiced or voiceless stops in Arabic participants. This articulatory 
difference in word-final stops between Arabic and English may have impacted the preceding 
vowels, thus impacting the intelligibility of our participant. Evidence of this articulatory 
difference can be seen in his spectrograms, which show a lack of stops in the word-final position.  
 
6.0 Pedagogical Implications 
Smith (2005) provides information regarding the English vowels that will likely present 
the greatest problems in articulation and perception by Arabic-speakers: vowels, or near 
equivalents, that are not found in modern Arabic. The vowels relevant to this study are: [e], [ɔ], 
and [ʌ]. No information on the vowels [o] and [ɛ] is provided since his reference is focused on 
British English. In general, Smith’s (2005) claim proves true for our participant: [ɔ] and [ʌ] are 
merging compared to GAE, and both these sounds are not represented in modern Arabic. Flege 
and Port (1981) explain that to avoid such intelligibility issues, Saudi speakers need to “modify 
Arabic patterns of phonemic implementation or acquire novel English-specific ones,” (p. 131).  
In addition, other instances of vowel merging come from pairs of vowels where one is 
represented in Arabic and one is not. For example, [ɑ], which is represented in Arabic, is 
articulated as almost identically to [ʌ,] which is not represented in Arabic. In addition, [e] is not 
in Arabic and is merging with [ɪ], which is in Arabic. However, [u] and [ʊ] are represented in 
Arabic, and yet will also pose intelligibility concerns for our participant. Smith (2005) explains 
this variation: “virtually all vowels may cause problems” for Arabic speakers (p. 196). In 
addition, like the results in Munro (1993), this data casts doubts on Flege’s (1987) Speech Model 
Theory, which predicts that near equivalents in a language will be the most difficult to acquire 
since the subtle differences are difficult to produce accurately. For our participant, novel vowels 
were also factors in intelligibility. 
In the Munro (1993) study, an attempt was made to relate both acoustic and perceptual 
data by first taking vowel measurements in Arabic and English (of Arabic-speaking ESL 
learners), and then asking judges to rate the accentedness of the English utterance. They used ten 
vowels in this study, excluding [ɔ]. Munro (1993) found that L1 transfer resulted in the 
articulatory differences between the participants, explaining that “accented English vowels 
tended to ‘gravitate’ toward their Arabic analogs,” but that Flege’s (1987) Speech Model Theory 
did not accurately explain the variations because novel vowels were no more successfully 
articulated than analogs (p. 52). Munro (1993) concluded that it is unclear what vowel variation 
will matter most to listeners, because there was no consistent correlation between vowel 
variables and accentedness. In addition, the participants in this study had an average experience 
in the U.S. of 7.7 years (varying from 1-27 years), with no significant differences in their 
accentedness ratings. Thus, Munro asserts that the findings “cast doubt on the proposal that it is 
possible…for a group of Arabic-speaking learners as a whole to show truly native-like 
production of any vowel from English, even after several years of experience,” (p. 63). What 
hope is there for our participant, then? 
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7.0 Pedagogical Applications 
 Our participant, along with other language learners, could use this vowel analysis as a 
means of highlighting their vowels which deviate from GAE pronunciation, and thus could result 
in unintelligibility. In addition, vowel charts reveal detailed information about the nature of these 
deviations, in relation to tongue height and backness. This enables teachers to work with students 
to develop individualized “targeted instruction based on findings,” rather than having their 
students attempt to mimic native pronunciation (Koffi, 2012, p. 230). Consequently, learners will 
become better informed about their pronunciation, and how it can be made more intelligible.  
The significance of this awareness is highlighted by the Noticing Hypothesis, which asserts that 
awareness and noticing are essential for language learning (Gass & Selinker, 2008). If learners 
want to acquire L2 competency, particularly difficult areas such as pronunciation, they must first 
“notice the gap” between their speech and native pronunciation (Gass & Selinker, 2008, p. 248). 
 In addition to providing resources—such as a vowel analysis along the lines of this 
study—to increase learner awareness, Munro and Derwing (1999) provide additional insight for 
teachers. Listeners in their study transcribed sentence-length recordings of native and nonnative 
English speakers and also rated these recordings on accentedness and comprehensibility.  The 
findings showed a correlation between comprehensibility ratings and intelligibility, but not 
accentedness and intelligibility. Similar to Koffi (2012), they suggest that “instruction should not 
focus on global accent reduction, but only on those aspects of the learner’s speech which appear 
to interfere with listeners’ understanding,” (p. 305). Their analysis falls short, however, of 
providing specific guidelines for assessing what in leaners’ speech may cause 
misunderstandings.  
 A vowel analysis, therefore, provides a high amount of awareness for learners and 
guidelines for teachers on what aspects of learners’ speech cause unintelligibility. As such, a 
vowel analysis is a powerful tool for English language learners and teachers alike. 
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